Objective -
Trends in the Risk of Mortality due to Cardiovascular Diseases in Five Brazilian Geographic Regions from 1979 to 1996
Original Article Cardiovascular diseases are the major cause of death in developed countries [1] [2] . In Latin America, cardiovascular diseases account for 1/3 of all deaths 3 . They are also the major cause of death in Brazil 4 . When the total number of deaths was considered, cardiovascular diseases accounted for 11.8%, 30.8%, and 28%, respectively, in the years 1930, 1980, and 1994 . In 1994, the proportional mortality was 34% for individuals over the age of 30 years. The trend in mortality due to cardiovascular, cardiac ischemic, and cerebrovascular diseases has been declining in developed countries since the 1960s. The analysis performed by Uemura and Pisa 5 showed a significant reduction in cardiovascular diseases in countries like Japan (-36.4% for males and -41.3% for females) and Australia (-32.1% for males and -39.2% for females), and a significant increase in most eastern European countries (for example: 34.1% in Bulgaria and 31.3% in Poland). The same declining trend in mortality due to cardiac ischemic and cerebrovascular diseases has been observed in the municipality and state of São Paulo since 1976 [6] [7] [8] [9] . The decline in the risk of death due to cerebrovascular diseases in the municipality of São Paulo in the period from 1975 to 1981 was 13.6% for males and 8.5% for females 9 . In Brazil, a slight increase in the risk of death due to cardiovascular diseases occurred from 1979 to 1984, and, after that, a progressive declining trend was observed until 1996 4 . Most authors believe that the decline in mortality due to cardiovascular diseases in developed countries is mainly due to the control of risk factors 10, 11 . Improvement in diagnosis and medical interventions has also helped patient survival 12 .
Other studies show that the treatment and control of arterial hypertension have contributed to the decline in cerebrovascular diseases 13, 14 . The objective of this study was to analyze the trend in mortality from cardiovascular, cardiac ischemic, and cerebrovascular diseases in 5 Brazilian geographic regions according to sex and age bracket from 1979 to 1996.
Methods
Data on mortality due to cardiovascular, cardiac ische-5 7 0 5 7 0 5 7 0 5 7 0 16 based on census data from 1970, 1980, 1991, and the population count of 1996 for each age bracket and sex [17] [18] [19] [20] . The multiple linear regression model was used 21 . Information on mortality due to all cardiovascular diseases was modeled, followed by data on mortality due to cardiac ischemic and cerebrovascular diseases. The natural logarithm of the raw coefficient (number of deaths/population estimated on the 1 st of July) was used as a dependent variable. The cardiac ischemic and cerebrovascular diseases, the Brazilian geographic regions (Central Western, Northeast, North, Southeast, and South), sex, years in the calendar of the study, age bracket (30-39, 40-49, 50-59, 60-69, and above 70), and their respective interactions were the independent variables. The partial F test was performed to extract the nonsignificant interactions for the models. The objective was to reach the end of the modeling process with the lowest number of possible interactions. Adjustment of the models was tested by the analysis of the residues and the correlation coefficients. Analysis of the residues was performed using graphs of the envelope type and graphs of the model residues versus adjusted values to assess the adjustment of the models adopted.
Results
The trends observed are shown as figures (figs. 1 to 6), where the coefficients are presented in natural logarithms, according to age bracket and sex, and also in 2 tables with raw coefficients for the years 1979, 1987, and 1996 of the series and the percentage variation between the years 1979 and 1996. The analysis of residues showed a good adjustment of the multiple linear regression model. A total of 3,764,265 deaths due to cardiovascular diseases, 1,113,281 deaths due to cardiac ischemic diseases, and 1,289,952 deaths due to cerebrovascular diseases was observed in the period from 1979 to 1996.
The coefficients and percentage variations of mortality due to cardiovascular diseases are shown in table I. A declining trend in the incidence of cardiovascular diseases was observed in the southeastern, southern, and northern regions for all age brackets and both sexes in the period from 1979 to 1996. In the northeastern and central western regions, an increasing trend in the risk of death was observed for all age brackets analyzed, except for the 30-to-39-year interval. A reduction in the risk of death for the female sex in the age bracket from 40 to 49 years and above 70 years of age was observed in the central western region. At the beginning of the series in 1979, the risk of death due to cardiovascular diseases was higher in the southeastern and southern regions for all age brackets and both sexes. At the end of the series in 1996, this risk in the central western region exceeded that in the southern region in the age bracket from 30 to 49 years and for both sexes. In the northeastern region, a lower risk than that in the other regions was observed. However, this risk proved to be crescent, increasing 5% among females in the age bracket from 40 to 49 years, and 11% in the age bracket from 50 to 59 years. Among males, the risk increased 7% in the age bracket from 40 to 49 years and 12% in the age bracket from 50 to 59 years. In general, the northern region had the 2 nd lowest risk of death, and the drop in mortality was higher among males than among females for the age bracket from 40 to 60 years.
The coefficients and percentage variations of mortality due to cardiac ischemic diseases are shown in table II. Cardiac ischemic diseases exhibited a declining trend in the southern, southeastern, and northern regions for all age brackets and for both sexes in the period from 1979 to 1996. In the central western and northeastern regions, an increase in cardiac ischemic diseases was observed for males and females during this period. The risk of death in the central western region was higher than that in the northeastern region; since the beginning of the observation period, however, the percentage variation in the risk of death has always been higher in the northeastern region than in the central western region. The highest risk of death was observed in the southeastern region for all age brackets and both sexes in the period studied. The southern region had the 2 nd highest risk of death, except for the year 1996 in the age bracket above 60 years. Both regions exhibited a declining trend in the risk of death, which was more marked in the southeastern region (figs. 1A to 6A).
The coefficients and percentage variations in mortality due to cerebrovascular diseases are shown in table II. Cerebrovascular diseases showed a declining trend in the southern, southeastern, and northern regions for all age brackets and both sexes in the period from 1979 to 1996. In the central western and northeastern regions, an increase in cerebrovascular diseases was observed in the period studied for both sexes, except in the central western region in the age bracket from 30 to 39 years for both sexes and above 70 years for females, and in the northeastern region for females from 30 to 39 years and ≥70 years. The risk of death in the central western region was higher than that in the northeastern region, but the percentage variation of the risk of death showed great differences in the age bracket and sex. In the age bracket from 40 to 69 years, an increasing trend in the risk of death occurred, and it was similar for both sexes in the age bracket from 40 to 69 years, and higher for males in the age range from 50 to 59 years. The highest risk of death was observed in the southeastern region for all age brackets and both sexes in the period studied, except in the age bracket ≥70 years. The southern region had the 2 nd highest risk of death, except in the year of 1996 for the age bracket above 60 years, and in all the other years for the age bracket ≥70 years. In general, both regions showed a declining trend in the risk of death, which was more marked in the southeastern region (figs. 1B to 6B).
Discussion
This study showed different trends in the risk of death due to cardiovascular diseases in 5 geographic Brazilian regions. The risk of death significantly increased in the central western region and decreased in the southeastern and southern regions of the country. In the northern region, a trend toward stability was observed, and, for some age brackets, a slight decline was seen. Therefore, an increase in mortality due to cardiovascular diseases in the less developed regions and a reduction in the more developed ones were trends similar to those observed in eastern European countries (less developed countries) and in western countries (more developed), respectively 22 . In the northeastern and central western regions, the risk of death from cardiac ischemic and cerebrovascular diseases increased, cardiac ischemic diseases playing the major role. Mortality due to cardiac ischemic diseases, even though increasing in the central western region, was more pronounced in the southern and southeastern regions. The increase in cerebrovascular diseases was more important in males and females of the central western and northeastern regions; in absolute figures, however, this risk was higher in the southeastern and southern regions. A study carried out in 8 Brazilian capitals also showed a higher incidence of mortality due to cardiovascular diseases in the age bracket from 30 to 69 years in the southern and southeastern Brazilian capitals 7 . The central western region ranked 3 rd in the risk of death due to cardiovascular diseases with the same increasing trend of that in the northeastern region. Cerebrovascular diseases were the major cause of death in males and females. The risk of death due to cerebrovascular diseases was close to that of cardiac ischemic diseases in males however it was not true to women who presented a disproportionate greater cerebrovascular death rate. These findings were similar to those of the Brazilian population 4 . The authors showed the importance of the risk of death due to cerebrovascular diseases, and, therefore, the need for greater investment in detection and treatment of systemic arterial hypertension, the major risk factor for cerebrovascular diseases [23] [24] [25] . This is probably the most prevalent risk factor in the Brazilian population and also in patients with coronary artery disease. Therefore, primary and secondary prevention for cardiovascular diseases should initially include the control of arterial hypertension to promote or intensify the declining trend in the risk of death due to cardiovascular diseases. This trend was observed in the southern and southeastern regions, probably resulting from the better identification and control of risk factors, as occurs in more developed countries [26] [27] [28] . The increase in the risk of death in the central western and northeastern regions may have been partially affected by: (1) an improvement in diagnosis of causes of death, and a decrease in poorly defined symptoms, signs, and afflictions from 19% to 16% among females and from 23% to 18% among males at the end of the period; (2) an increase in urbanization; and (3) a change in the socioeconomic condition in these regions. Improvement in the diagnosis of the cause of death most probably explains, in part, the increasing trend in the risk of death due to cardiovascular diseases in these regions. In the northeastern and central western regions, the proportion of poorly defined deaths was very high, but it showed a gradual decreasing trend between 1979 and 1996. The reduction in the number of poorly defined deaths observed in these regions may have artificially revealed the increasing trend in the risk of death due to cardiovascular diseases. This results from the fact that cardiovascular diseases may account for most poorly defined deaths. Therefore, the reduction observed in poorly defined deaths during the period from 1979 to 1996 results from and explains the increase in the risk of death due to cardiovascular diseases in these regions. Changes in the socioeconomic conditions, even though attractive, may not have played a similar role in the increased trend. On the contrary, the improvement in these conditions is associated with a reduction in the risk of death due to cardiovascular diseases [29] [30] [31] . Data on mortality existing in the information system of the Ministry of Health are subject to limits imposed by the problems that may exist in the origin of these data. Among these problems, we may cite the following: diagnostic errors, deficiencies in filling out death certificates, existence of a proportion of deaths with no clear cause, and typing errors. Studies validating the information on mortality were carried out in the municipality of São Paulo and they showed a good quality of data 32, 33 ; this type of study, however, does not exist for most states and cities of the country. An indirect indicator of data quality is the proportion of death certificates with poorly defined symptoms, signs, and afflictions as the diagnosis of the cause of death. Good quality data are expected to have a small proportion of this type of diagnosis. In this regard, the northeastern region has the greatest proportion of undefined diagnoses of mortality, which, in 1995, accounted for up to 40% of the deaths. In 1995, 30% of the deaths in the northern region were poorly defined. In the central western region, 20% of the deaths were poorly defined, the lowest rates being observed in the southeastern and southern regions, around 11%. No significant difference existed according to sex (tab. III).
In conclusion, the risk of death due to cardiovascular, cerebrovascular, and cardiac ischemic diseases is decreasing in the southern and southeastern regions, which are the most developed regions in the country, and increasing in the less developed regions, mainly in the northeastern and central western regions. The analysis of the trend in the northern, northeastern, and central western regions was impaired by the great proportion of poorly defined causes of death. The increase in the incidence of cerebrovascular and cardiac ischemic diseases in these regions for some age brackets may mean that the risk is higher than that observed simply due to the nonexistence of a diagnosis of the cause of death. The northern region showed a slight decline in the risk of death for some age brackets. The 30% rate of poorly defined causes of death in this region may mean the existence of a higher risk. However, other studies are required to help understand the trends observed, mainly in the northern, northeastern, and central western regions. Primary and secondary prevention, mainly through identification and control of the major risk factors, such as arterial hypertension and dyslipidemia, should be emphasized in our health services.
